Abstract. We compare the numerical performance of several methods for solving the discrete contact problem arising from the finite element discretisation of elastic systems with numerous contact points. The problem is formulated as a variational inequality and discretised using piecewise quadratic finite elements on a triangulation of the domain. At the discrete level, the variational inequality is reformulated as a classical linear complementarity system. We compare several state-of-art algorithms that have been advocated for such problems. Computational tests illustrate the use of these methods for a large collection of elastic bodies, such as a simplified bidimensional wall made of bricks or stone blocks, deformed under volume and surface forces.
Introduction
An important problem arising in practical engineering applications involves a collection of linearly elastic bodies that are deformed due to volume and surface forces, but cannot penetrate each other. The work presented in this paper is motivated by our interest in masonry structures. We assume that they can be modelled satisfactorily as a linear elasticity system assembled from a large number of elastic components situated at nonnegative distance from one another. Our present objective is to com-pare several state-of-art algorithms that have been advocated for the solution of the linear complementarity problem that arise when such problems are discretised.
In Section 2, we describe the model problem in terms of classical partial differential equations of linear elasticity with contact conditions. The problem is formulated as a variational inequality and discretised using piecewise quadratic finite elements on a triangulation of the domain. Kikuchi & Oden [13] . In Section 3, at the discrete level, the variational inequality is reformulated as a classical linear complementarity system. In Section 4, we discuss several iterative solvers for the discrete constrained system. The solvers we consider are: the successive over-relaxation with projection, cf. e.g. Glowinski et al. [6] , the linear least squares with nonnegativity constraints, cf. Lawson & Hanson [14] , the primal-dual activeset method, cf. Hintermüller et al. [9] , the primal-dual predictor-corrector method, cf. e.g. Wright [18] , and the principal pivoting simplex method, cf. Graves [7] . In Section 5, numerical experiments are presented to illustrate the use of these solvers for a large collection of elastic bodies, such as a simplified bidimensional wall made of bricks or stone blocks, deformed under volume and surface forces. Concluding remarks are addressed in Section 6.
Formulation and discretisation of the model problem
We introduce the model contact problem in both the strong and weak forms and discuss the finite element approximation of the problem expressed as a variational inequality. Both the primal formulation of the problem (i.e. in terms of displacements only) and the primal-dual formulation (i.e. in terms of displacements and stresses) will be needed in view of the fact that the different solvers we consider are sometimes viewed more naturally in terms of the primal or dual problem.
The mathematical model. We consider an elastic system consisting of a finite, but possibly large, number of elastic bodies situated at nonnegative distance from one another (Fig. 1) . Each body occupies a Lipschitz domain
or 3, k = 1, . . . , n b , and the domain occupied by the overall system is defined as
We denote by Γ C the potential contact surface between the elastic bodies, and by Γ B = ∂Ω \ Γ C the exterior boundary of the overall system. Let u(x) = (u 1 (x), . . . , u d (x)), x ∈ Ω, denote the vector field of displacements of the elastic system, and let e kl (k, l = 1, . . . , d) represent the corresponding linearised
